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(57) ABSTRACT

A protection system for a turbo engine, i particular an
aircrait engine 1s provided. The turbo engine comprises at
least one fluid duct element with a casing device comprising
at least one casing section, encasing at least partially the at
least one fluid duct element, said casing device comprising
at least one fluid escaping means, wherein the casing device
1s intended to at least partially contain and/or deflect a fluid
stemming from a burst event at the fluid duct element event
in order to at least partially protect the turbo engine.

13 Claims, 6 Drawing Sheets
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PROTECTION SYSTEM AND TURBO
ENGINE WITH A PROTECTION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to European Patent Appli-
cation No. 15 163 264.3 filed on Apr. 10, 2015, the entirety
of which 1s incorporated by reference herein.

BACKGROUND

The mvention 1s related to a protection system and a turbo
engine with a protection system.

Certain regions of turbo engines (e.g. gas turbines or
aircralt engines) comprise temperature sensitive devices
and/or structures. These temperature sensitive devices and/
or structures can have an upper temperature limit until which
they are properly operable. If they are heated above this
temperature they might be 1n danger of malfunctioning.

These upper temperature limits are often lower than the
temperatures of tluids flowing through fluid duct elements of
a turbo engine. If such a fluid duct element bursts, the hot
fluid leaking out of the burst fluid duct element can provide
a great risk for temperature sensitive devices and/or struc-

tures within a turbo engine. In case of such a burst event at
the fluid duct element the tlow through the fluid duct element
might decrease or even completely stop leading to further

possible failure risks of components of the turbo engine.
Also such a so called burst event at the fluid duct element

might produce debris, providing additional risk to elements
surrounding the fluid duct element.

SUMMARY

Therefore an eflective protection against the burst event at
the fluid duct element, 1n particular the protection of tem-
perature sensitive devices and/or structures against the hot
fluid leaking out 1s necessary. To partially maintain the
original flow through the fluid duct element might be
necessary too to prevent other possible failure risks for
components of the turbo engine.

The present invention provides a protection system with
the features as described herein.

Accordingly the invention comprises a protection system
for a turbo engine, 1 particular an aircraft engine, said turbo
engine comprising at least one fluid duct element, with a
casing device comprising at least one casing section, encas-
ing at least partially the at least one fluid duct element, said
casing device comprising at least one fluid escaping means,
wherein the casing device 1s mtended to at least partially
contain and/or detlect a fluid stemming from a burst event at
the fluid duct element 1n order to at least partially protect the
turbo engine.

The turbo engine can e.g. be an aircralt engine or a gas
turbine. One possible type of aircralt engine 1s a turbofan
engine. A turbo engine usually has a longitudinal and radial
direction. The longitudinal direction runs from the front to
the end of the engine and the radial direction 1s perpendicu-
lar to 1it.

The fluid duct element might be a cooling pipe. The
cooling pipe might be for cooling a core of the turbo engine.
The turbo engine might also comprise a temperature sensi-
tive device and/or structure as for example a Handling Bleed
Valve Solenoid Block (HBVSB). The fluid duct element

may contain fluids with temperatures that are higher than the
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upper temperature limit of a temperature sensitive device
and/or structure within the turbo engine.

The cooling pipe for cooling the core of the turbo engine
might for example contain tluids with temperatures suitable
for cooling the turbo engine core but at the same time above
the upper temperature limit of for example a HBVSB of the
turbo engine.

In case the fluid duct element burst the engine needs to be
at least partially protected against the risks the burst event at
the fluid duct element bears for the turbo engine. The casing
device should at least partially contain the fluid stemming
from the burst flud duct element and/or detlect it at least
partially.

For the protection of the turbo engine the temperature
sensitive device and/or structure (e.g. the HBVSB) can be
prevented from overheating due to the casing device. The
casing device dictates the locations of the release of the fluid
leaking out of the burst fluid duct element. It also influences
some characteristics of the fluid escaping the casing device.
By mfluencing the resulting flow of the at least partially
escaped tluid 1n the turbo engine 1t 1s possible to minimize
the risk of overheating for a temperature sensitive device
and/or structure.

For example the flow of flmd can at least partially be
deflected away from the temperature sensitive device and/or
structure. Due to the influence of the casing device on the
resulting flow pattern, the escaping fluid might reach the
temperature sensitive device and/or structure later and/or
colder than 1t would have without a casing device. Because
the fluid leaking out can also partially be contained within
the casing device, the amount of escaping fluid reaching the
temperature sensitive device and/or structure might be
smaller than 1t would be without the casing device.

By containing the fluid from the burst fluid duct element
at least partially 1t 1s possible to maintain a certain amount
of flow through the fluid duct element. The at least partial
continuation of the flow through the fluid duct element can
prevent further failure risks of the turbo engine. If the fluid
duct element 1s e.g. the cooling pipe for the turbo engine’s
core the at least partial continuation of the cooling flow after
the burst of the cooling pipe can ensure that an overheating
of the engine core does not occur or 1s at least postponed.

The casing device might also at least partially contain
possible debris being produced by the burst event at the fluid
duct element. The region surrounding the casing device can
therefore be protected from the debris.

Generally 1t 1s possible that the casing device just post-
pones the eflects of a burst event at the fluid duct element
and/or weakens them. But this possible gain 1n time due to
the postponement of the effects might be enough for at least
one sensor to detect the burst event at the fluid duct element
and steps might be taken to at least partially prevent failure
of components before they happen.

In another variant of the invention the casing device
comprises at least one opening being provided as tluid
escaping means. The fluid escaping the burst fluid duct
clement can at least partially escape the casing device
through the opening.

In a further embodiment the casing device comprises at
least one deflection and/or shielding means. The deflection
and/or shielding means can for example deflect a fluid
escaping through the fluid escaping means and/or shield a
certain region from the flmd escaping through the fluid
escaping means.

It 1s for example possible that the fluid 1s deflected away
from a region by the detlection and/or shielding means. It 1s
also possible that the deflection and/or shielding means
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shield a certain region from the escaping fluid. The deflec-
tion and/or shielding means can also just guide a flow of
fluid escaping the casing device.

Different kinds of embodiments are possible for the at
least one detlection and/or shielding means. For example 1t
can have a circular, ellipsoidal, rectangular or polygonal
cross-section. It can be arranged so that it has a flat surface
and 1s completely level. In other embodiments it might be
formed to achieve a desired deflection and/or shielding
ellect. It could e.g. have several bends.

Detlection and/or shielding means comprising several
parts are also possible embodiments. The detlection and/or
shielding means might be arranged 1n a way to protrude
outside and/or inside of other elements of the casing device.

The at least one deflection and/or shielding means might
be arranged anywhere along the casing device. The location
can depend on the desired deflection and/or shielding effect
to be achieved.

A varniant of the deflection and/or shielding means can be
disc shaped with an opening at the center, having an 1nner
diameter. The disc can have a circular cross-section with an
inner diameter which i1s smaller than the outer diameter. This
shape could also be described as a form of ring. The 1nner
diameter might for example be of the same size as a casing
section diameter. The disc can be arranged at a casing
section on the outside or at one end without obstructing the
flow of tluid inside the casing device.

In a turther embodiment the casing device can comprise
several casing sections being at least partially in fluad
communication, wherein at least one fluid escaping means 1s
provided at a transition point between at least two casing
sections.

The casing sections can be connected to each other by
some connection means. The casing sections might also
have no structural connection. They are at least partially in
fluid communication though.

Fluid communication of two casing sections means that a
part ol a fluid leaving a first casing section can at least
partially flow 1nto the second casing section which 1s 1n tluid
communication with the first casing section. The point
where the fluud at least partially tflows from one casing
section 1nto another casing section 1s called transition point.

It 1s possible 1n some embodiments that the casing sec-
tions can have different cross-sections and still be 1n fluid
communication. In an embodiment with e.g. tubular shaped
casing sections the diameters of the casing sections might be
different.

Fluid escaping means might for example be provided by
a gap between two casing sections. The gap might allow a
fluid 1nside the casing device to escape at least through one
gap between two casing sections.

The gap between two casing sections might be variable in
another embodiment. The variation of the gap size can lead
to different escaping characteristics of the fluid escaping the
casing device. A large gap can lead to more mass per minute
escaping the casing device as well as possibly to a lower
pressure inside the casing device. A smaller gap vice versa
might lead to less mass per minute escaping the casing
device as well as possibly a higher pressure inside the casing
device.

In another embodiment the several casing sections com-
prise at least one detlection and/or shielding means at a
transition point providing fluid escaping means. Detlection
and/or shielding means can be arranged at each end of the
casing sections that face each other at the transition points.

In an embodiment where the detflection and/or shielding
means are disc shaped with a circular cross-section and an
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opening of an inner diameter being smaller than the outer
diameter of the disc then such an embodiment can provide

radial deflection and/or shielding means for the fluid escap-
ing the casing device.

A further embodiment comprises a casing device with at
least one flexible sleeve as a casing section. A rigid casing
section might also be comprised by another variant.

A flexible sleeve can be very flexible and easy to install
at least partially around the fluid duct element. It can also be
self-expanding. In an embodiment with a self-expanding
casing device a pressure build up inside the casing device
might lead to the expansion of the sleeve.

The sleeve can expand to 1ts full size and then stabilize
itself. The pressure build up can come from a burst event at
the fluid duct element being at least partially encased by the
casing device.

In another embodiment the casing device 1s provided to at
least partially protect the region surrounding the casing
device from debris that might be produced by a burst event
at the fluid duct element being at least partially encased by
the casing device.

The casing device can be designed to be structurally
stable enough to at least partially contain possible debris.
The debris might be produced by the burst of the at least
partially encased fluid duct element.

Another vanation of the mvention comprises the casing
device which 1s provided to maintain at least partially the
flow of fluid of a burst fluid duct element being at least
partially encased by the casing device.

The casing device enables at least partially the continu-
ation of the original flow 1nside the fluid duct element after
the burst. The flow of fluid from one end to another end
inside the fluid duct element can be maintained by the casing
device.

There can for example be a pressure build up 1nside the
casing device after the burst event at the fluid duct element.
This pressure can force at least a part of the fluid trying to
leak out of the fluid duct element to stay 1nside the fluid duct
clement. Hereby a part of the original flow can be main-
tained.

In another embodiment the casing device 1s provided to
deflect the outflow of fluid leaking out of a burst fluid duct
clement being at least partially encased by the casing device
in radial direction seen from the axis of the casing device.

In some embodiments the location of the at least one fluid
escaping means might be adjustable. It could for example be
adjusted depending on the desired flow characteristics of the
fluid escaping through the fluid escaping means.

In other embodiments the direction of the flow of escap-
ing fluid can be adjustable. The flow might for example be
adjusted by adjusting the angle of some deflection and/or
shielding means arranged in the region of a fluid escaping
means. It might also be adjustable by changing the charac-
teristics of the fluid escaping means.

Another embodiment 1s a turbo engine, 1n particular an
aircraft turbo engine comprising at least one protection
system as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the mvention are shown 1n
the Figures:

FIG. 1 showing a first embodiment of a protection system
with a casing device comprising one casing section.

FIG. 2 showing a second embodiment of a protection
system with a casing device comprising one casing section,
partially encasing a fluid duct element.
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FIG. 3 showing a third embodiment of a protection system
with a casing device comprising one casing section, as well

as detlection and/or shielding means.

FIG. 4A showing a fourth embodiment of a protection
system with a casing device comprising one casing section
made out of two parts with fixture points.

FIG. 4B showing a fifth embodiment of a protection
system with a casing device comprising one casing section
and stabilization means.

FIG. SA showing a sixth embodiment of a protection
system with a casing device, comprising 4 casing sections.

FIG. 5B showing a seventh embodiment of a protection
system with the casing device already shown 1n FIG. 5A, but
encasing a burst fluid duct element, and a symbolized tlow
pattern 1s shown.

FIG. 6 showing an eight embodiment of a protection
system, integrated into a part of a turbo engine.

DETAILED DESCRIPTION

In FIG. 1 a first embodiment of a protection system with
a casing device 1 1s shown comprising one casing section 2.
The casing device 1 has an inner cross-section of a half
circle. At one end 1t can be attached to a base plate which
allows the casing device 1 to be mounted on a suitable
surface. The casing device 1 can partially enclose e.g. tluid
duct elements 3 with a circular cross-section of a smaller
diameter than the casing device 1 but with a similar shape.
It 1s to understand that by shape of the fluid duct element 3
the run of the element with its bends and other characteris-
tics 1s meant.

Such an embodiment of a casing device 1 could for
example be used to protect a region on one side of a fluid
duct element 3 (not shown 1n FIG. 1), 1n case of a burst event
at the fluid duct element 3. The casing device 1 would
provide at least some amount of protection to e.g. the region
facing the casing device 1 before the fluid duct element 3.

In FIG. 2 a second embodiment of a protection system
with a casing device 11, comprising one casing section 12 1s
shown, as well as a fluid duct element 13, being partially
encased by the casing device 11. The fluid duct element 13
and the casing device 13 have both a circular cross-section
along the main part of their bodies. They are of tubular
shapes and the diameter of the fluid duct element 13 1s
smaller than the diameter of the casing device 11. Both have
a similar shape 1n the region where the casing device 11 at
least partially encases the fluid duct element 13.

The fluid duct element 13 1s longer than the casing device
11. The casing device 11 starts to encase the fluid duct
clement 13 at one end of the fluid duct element and stops to
encase 1t after a certain length. The tubular fluid duct
clement 13 1s longer than the casing device 11.

The second end of the casing device 11, the end where 1t
stops to encase the fluid duct element 13, 1s a cut-ofl of the
tubular casing device 11. This cut-ofl can be an opening 15
which provides fluid escaping means 14 for a fluid F inside
the casing device 11.

If the fluid duct element 13 bursts anywhere 1n the region
where 1t 1s encased by the casing device 11, for example at
a burst point B, then the fluid F leaking out of the fluid duct
clement 13 will first flow into the casing device 11. The
casing device 11 provides protection to a region 8 surround-
ing the casing device 11 at least to some extend from the
fluid F leaking out of the burst fluid duct element 13. Debris
that might be produced by the burst can at least partially be
contained by the casing device 11, as well as the fluid F
leaking out of the fluid duct element 13.
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The casing device 11 also maintains a certain amount of
pressure 1n the burst fluid duct element 13, which 1s usually
lower than the pressure inside the fluid duct element 13
before the burst event but in most cases still allows the
original flow of fluid to continue 1 a weaker form.

The fluid F which enters the casing device 11 at the burst
poimnt B, flows through the casing device 11 until 1t can
escape the casing device 11. In this embodiment the opening
15, the cut-off, provides the flmid escaping means 14 for the
fluid F to escape. Therefore the fluid F leaking out of the
burst fluid duct element 13 1s released 1n a controlled manner
into the region 8 surrounding the casing device 11.

The location of the controlled release of the fluid F 1nto
the surrounding region 8 depends on the location of the fluid
escaping means 14, the opening 15 1n this case. The prop-
erties of the escaping fluid F, e.g. mass of fluid per time,
direction of release, pressure of release and others are
determined by the shape of the opeming 15. In this case 1t
would depend on the size of the diameter of the opening 15
compared to the diameter of the fluid duct element 13.

In FIG. 3 a third embodiment of a protection system 1s
shown. It 1s a variation of the second embodiment, so that
reference can be made to the above description. As in FIG.
2 the casing device 21 comprises one casing section 22 of a
tubular shape and an opening 25 providing fluid escaping
means. In addition to this the casing device 21 also com-
prises deflection and/or shielding means 26. The fluid duct
clement 23 1s not shown in this figure for the sake of
simplicity.

The deflection and/or shielding means 26 are of a disc
shape with an opening 1n the center. They are arranged at one
end of the casing device 21, namely 1n this case to the end
comprising the opening 235 as fluid escaping means. The
opening of the disc shaped detlection and/or shielding means
26 1s of the same size as the opening 25 of the tubular shaped
casing device 21, they have the same diameter.

The outer diameter of the disc shaped detlection and/or
shielding means 26 1s larger than the inner diameter. This
provides detlection and/or shielding means 26 surrounding
the fluid escaping means 24 being provided by the opening
25.

Therefore 1n this third embodiment can at least partially
contain a fluid F' stemming from a burst fluid duct element
which 1s at least partially encased by the casing device 21.
As the casing device 21 shown 1n FIG. 2 the casing device
21 shown here can also provide protection to an region 8
surrounding the casing device 21 at least to some extend
from the fluid F' leaking out of the burst fluid duct element
as well as possible debris from the burst.

In addition to the features elaborated in connection with
the embodiment of FIG. 2 the embodiment shown in FIG. 3
provides additional protection from a burst event at the fluid
duct element. The detlection and/or shielding means 26 can
for example deflect the fluid F escaping through the opening
235 providing the fluid escaping means. It can also e.g. shield
a region from the fluid F' escaping the casing device 21.

This allows for a more controllable release of the fluid F
from 1inside the casing device 21. The fluid F' escaping
through the tfluid escaping means 1s potentially hazardous for
certain parts 1n the region of the fluid duct element. It might
for example be too hot for a temperature sensitive device
and/or structure 60 (FIG. 6) within the turbo engine. The
casing device 21 can at least partially contain the fluid F' as
well as deflect the escaping fluid F' at least partially away
from a region with a temperature sensitive device and/or
structure 60. It might also shield the region from the
escaping fluid F' to some extent.
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In FIG. 4A a fourth embodiment of a protection system 1s
shown. It 1s a variation of the second embodiment, so that
reference can be made to the above description. As in FIG.
2 the casing device 31 comprises one casing section 32 of a
tubular shape and an opening 35 providing fluid escaping
means. In addition to this the casing device 31 also com-
prises two fixture points 39. The fluid duct element i1s not
shown 1n this figure for the sake of simplicity.

In this embodiment the casing device 31 has two parts
which are connected to each other by the fixture points 39.
Each part 1s half of the casing device 31 with a half circle as
their respective cross-sections.

This embodiment allows for easier arrangement around a
tubular shaped fluid duct element. The two parts can be
placed separately around the fluid duct element and the
connected to each other by the two fixture points 39.

In FIG. 4B a fifth embodiment of a protection system 1s
shown. It 1s a vanation of the second embodiment, so that
reference can be made to the above description. As 1n FIG.
2 the casing device 41 comprises one casing section 42 of a
tubular shape and an opening 45 providing fluid escaping
means. In addition to this the casing device 41 also com-
prises stabilization means 40. The flud duct element 1s not
shown 1n this figure for the sake of simplicity.

The stabilization means 40 stabilize the casing device 41,
in particular along the bend. This stabilization can mimimize
the vibrations and movement of the casing device 41. It
might prevent the casing device 41 from touching the
encased fluid duct element during operation of the turbo
engine.

In FIG. 5A a sixth embodiment of a protection system 1s
shown. A casing device 51 i1s shown, said casing device 51
comprising four casing sections 52 of tubular shapes being
in fluid communication with each other. Every casing sec-
tion 52 1s spaced some distance apart from the next casing
section 52. Three transition points 57 are formed between
two casing sections 52 each and three fluid escaping means
54 are provided at the three transition points 57. At every
transition point 57 two ends of two different casing sections
52 face each other at least partially, these ends are each
equipped with deflection and/or shielding means 56. From
left to right the casing sections 52 can be numbered from one
to four. In other embodiments a diflerent number of casing
sections 52 and/or transition points 57 1s possible.

The first and the last casing section 52 are slightly bent.
The second and third casing section 52 are straight. The
deflection and/or shielding means 56 are of the same form as
in FIG. 3, namely disc shaped with an opening 1n the center.

The opening of the disc shaped deflection and/or shielding
means 356 1s of the same size as the opening of the tubular
shaped casing section 52, they have the same diameter. The
outer diameter of the disc shaped deflection and/or shielding
means 56 1s larger than the inner diameter.

A fluid flowing inside the casing device 51 can at least
partially flow from one casing section 52 to the next casing
section 52. This means the casing sections 52 are in fluid
communication. Therefore a fluid flowing inside the casing
device 51 can at least partially flow from one end of the
casing device 31 to the other end of the casing device 51. It

can also at least partially be released into the surrounding
region 8 of the casing device 51 by the fluid escaping means
54.

The casing device 31 of this embodiment can encase a
fluid duct element 53 (FIG. 5B) at least partially, e.g.
between two ends.
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More details on how this embodiment of a casing device
51 can work 1n case of a burst event at the fluid duct element
53 1s explained 1n combination with FIG. 5B.

In FIG. 5B a seventh embodiment of a protection system
1s shown. It comprises the casing device 51 shown 1n FIG.
5A, so that reference can be made to the above description.
As 1n FIG. 5A the casing device 31 comprises four casing
sections 52 of tubular shapes being 1n fluid communication
with each other. Every casing section 52 1s spaced some
distance apart from the next casing section 52. Three tran-
sition points 57 are formed between two casing sections 52
cach and three fluid escaping means 54 are provided at the
three transition points 57. At every transition point 57 two
ends of two different casing sections 52 face each other at
least partially, these ends are each equipped with deflection
and/or shielding means 56 which are disc shaped as
described 1n FIG. 5A. From left to right the casing sections
52 can be numbered from one to four. The casing device 51
encases at least partially a fluid duct element 53 with a
similar shape as the casing device 51.

The casing device 51 and the fluid duct element 53 start
at the same place and end at the same place. The fluid duct
clement 53 usually contains a fluid flowing from one end to
the other end. This fluid might be hotter than the upper
temperature limit of a temperature sensitive device and/or
structure 60 within a turbo engine.

The fluid 1n the fluid duct element 53 usually flows from
a high pressure zone H to a low pressure zone L. It might for
example be a flow of cooling fluid for the engine core of a
turbo engine. The fluid duct element 33 would be a cooling
pipe 53 for the engine core in this case and be vital for the
proper functioning of the engine. Cooling 1s relative 1n this
case. The fluid might be suitable for cooling the engine core
but still a lot hotter than the upper temperature limit of the
temperature sensitive devices and/or structure 60.

Therefore a burst of a fluid duct element 33, e.g. the
alorementioned cooling pipe 53 for the engine core, can
carry a triple risk. The burst can produce debris, damaging
clements 1n the region 8 surrounding of the fluud duct
clement 53, it can have leaking hot flmd F" endangering
temperature sensitive devices and/or structures 60 and the
possible decrease and/or stoppage of fluid flow (e.g. cooling
flow) might endanger parts of the turbo engine, needing the
flmd tflow (e.g. engine core). This 1s just a selection of
possible risks there might be other risks not named here.

The casing device 51 can protect the turbo engine at least
partially against at least some of the possible risks.

As shown 1n FIG. 5B a burst of the fluid duct element 53
happened 1n the region of the first casing section 32, right
aiter the bend. The flow of fluid 1nside the fluid duct element
53 1s symbolized by short dashed arrows. It starts at the High
pressure zone H and when 1t gets to a burst point B' a part
of the fluid F" flows 1nto the fluid duct element 53 and enters
the casing device 51. The fluid F" which enters the casing
device 51 1s symbolized by solid arrows.

The fluid F'" which enters the casing device 51 can at least
partially escape the casing device 51 at the fluid escaping
means 54 which are provided at the transition points 57
between casing sections 352. Due to the deflection and/or
shielding means 56 1n the region of the fluid escaping means
54 1s the at least partially escaping fluid F" released in a
radial direction away from the axis of the casing device 51.

Because the fluid F" can partially be contained by the
casing device 51 the pressure inside the casing device 51
builds up to a certain level. This pressure build up can
contain a part of the fluid F" trying to tlow out of the fluid
duct element 53 inside the fluid duct element. This can
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maintain the original flow 1n a slightly weaker form. The
continuation of the original flow 1s symbolized by the short
dashed arrows after the burst point B'.

Even though the continuation flow 1s weaker than the
original flow 1t might still be enough to prevent a cata-
strophic failure of a component needing the flow. For
example the cooling of the engine core can be restored to a
satisfactory level to prevent a failure of it.

The fluid F" escaping the casing device 51 1s released in
a more controlled way compared to a burst event at the flmd
duct element 53 without casing device 51. For example 1s
the location of the release predefined by the location of the
fluid escaping means 54. The angle of release and the
direction of release are predefined by the deflection and/or
shielding means 56. The deflection and/or shielding means
56 can give additional protection by detlecting the escaping
fluid F'" away from a certain region and/or shielding a certain
region.

The fluid F" can also partially be contained in the casing
device 1. Therefore only a part of the fluid F" escapes nto
the region 8 surrounding the casing device 51 compared to
the situation without the casing device 31.

The casing device 51 provides therefore a certain amount
of protection for a temperature sensitive device and/or
structure 60 from the fluid F" leaking out of the burst fluid
duct element 33.

Possible debris being produced by a burst event at the
fluid duct element 33 might be contained in the casing
device 51, giving protection to elements surrounding the
casing device 51.

In FIG. 6 an eight embodiment of a protection system 1s
shown. It comprises a casing device 61 with four casing
sections 62 of tubular shapes being 1n fluid communication
with each other. The casing device 61 1s integrated 1nto a part
of a turbo engine. The casing device 61 encases at least
partially a fluid duct element, namely a cooling pipe of the
engine core, which has a similar shape compared to the
casing device 61. Every casing section 62 of the casing
device 61 1s spaced some distance apart from the next casing
section 62. Three transition points 67 are formed between
two casing sections 62 each and three fluid escaping means
64 are provided at the three transition points 67. At every
transition point 67 two ends of two diflerent casing sections
62 face cach other at least partially, these ends are each
equipped with detlection and/or shielding means 66. From
left to right the casing sections 62 can be numbered from one
to four.

The part of the turbo engine which i1s shown can be
divided into two zone along the bold dashed line. The first
zone lies to the left of the bold dashed line and the second
zone lies to the right of the bold dashed line. The cooling
pipe and the casing device 61 are arranged on the right side
of the bold dashed line 1n the second zone. A temperature
sensitive device and/or structure 60 1s arranged 1n the first
zone on the lett side of the bold dashed line. It 1s for example
a so called Handling Bleed Valve Solenoid Block (HBVSB).

The flow of fluid through the fluid duct element starts at
the high pressure zone H' and flows toward the low pressure
zone L'. In case of a burst of the fluid duct element the fluid
F'" leaking out of the fluid duct element can at least be
partially contained in the casing device 61 and partially be
released into the region 8 surrounding the casing device 61
in a more controlled manner than without a casing device 61.
The casing device 61 can also maintain a certain amount of
the original tlow through the fluid duct element 1n a burst
event at the fluid duct element.
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The continuation of a cooling flow, if the flmd duct
clement 1s a cooling pipe for example, 1s critical for the
continued operation of the turbo engine.

As described 1n FIG. SA the fluid escaping means 64 with
the deflection and/or shielding means 66 can release the
escaping fluid F'™ 1n a radial direction from the axis of the
casing device 61. This 1s symbolized by little short arrows.
The deflection and/or shielding means 66 are again disc
shaped with an opening at their center and arranged at the
casing sections 62.

The opening of the disc shaped detlection and/or shielding
means 66 1s of the same size as the opening of the tubular
shaped casing section 62, they have the same diameter. The
outer diameter of the disc shaped deflection and/or shielding
means 66 1s larger than the inner diameter.

Because the temperature sensitive device and/or structure
60, the HBVSB for example, 1s arranged 1n the region of the
fluid duct element, the cooling pipe 1n this case, it 1s
important to protect the HBVSB 60 from overheating.

The temperature of the fluid 1n the cooling pipe usually
lies above the upper temperature limit of the HBVSB 60.
Temperatures that are higher than the upper temperature
limit of the HBVSB 60 are hot temperatures. Temperatures
that are lower than the upper temperature limit of the
HBVSB 60 are cold temperatures. The casing device 61 can
prevent the HBVSB 60 from overheating in case of a burst
cooling pipe event.

The fluud F™ originating at the burst point has a hot
temperature. The burst point can be located fairly close to
the HBVSB 60, namely shortly after the connection point of
the cooling pipe to the high pressure zone H'. This location
1s very close to the bold dashed line.

Without the casing device 61 the hot fluid F' would enter
the second zone uncontrolled, and quickly reach the first
zone with barely any temperature reduction. In the first zone
it would reach the HBVSB 60 with a temperature above the
limit of the HBVSB 60, heating it up.

Because of the high temperature of the fluid F' the
HBVSB 60 would be heated up above 1ts upper temperature
limat. This can lead to catastrophic failure of the device and
endanger the operation of the turbo engine.

Also the cooling flow of the cooling pipe would be
massively interrupted by the burst in the cooling pipe
without the casing device 61 present. This leads to additional
risks for the operation of the turbo engine.

With the casing device 61 surrounding the fluid duct
clement the situation can be different. In case of a burst
cooling pipe event, the highest temperatures are reached
within the casing device 61 and close to the fluid escaping
means 64, which are the radial slots with deflection and/or
shielding means 66. Due to the locations of the fluid
escaping means 64, the fluid F'" of the cooling pipe can
escape the casing device 61 at predefined spots. The spots
are chosen 1n a manner to minimize the risk for the HBVSB
60. So for example the first possibility for the fluid F'™ to
escape the casing device 61 i1s further away from the
HBVSB 60 as the burst point.

Also due to the disc shaped deflection and/or shielding
means 66, as described in FIG. 6, the flud F' 1s released 1n
a radial direction away from the axis of the casing device 61.

The fluuid F"™ originating at the burst point has a hot
temperature, it escapes at least partially the casing device 61
at the fluid escaping means 64. From there 1t starts to swirl
around 1nside the turbo engine until 1t reaches the HBVSB
60.

Due to the controlled release and the at least partial escape
of the cooling fluid F' through the fluid escaping means 64,
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the fluid F™ reaches the HBVSB with a temperature below
the upper temperature limit of the HBVSB. The temperature
1s usually still higher than the original temperature of the
device and therefore will heat up the HBVSB 60 but not to
an extent where the failure of the HBVSB 60 might be a risk.

The HBVSB 60 1s fully functional up to 1ts upper tempera-
ture limit. The operation of the engine does not have to be
at risk.

Also the cooling tlow of the cooling pipe 1s not massively
interrupted by the burst in the cooling pipe. The casing
device 61 contains at least partially the fluid F™ leaking out
of the burst fluid duct element 63. Therefore pressure builds
up 1nside the casing device 61 and this pressure build up
allows the casing device 61 to maintain at least partially the
original flow of fluid F™ in the cooling pipe. The continu-
ation of the flow can help to prevent a failure of the turbo
engine due to a too small cooling flow.

On the other hand the pressure does not reach a level that
might endanger the casing device 61 to burst itself. The tluid
escaping means 64 provide enough release to prevent such
a risk.

The embodiments shown above relate to turbo engines, in
particular aircrait turbo engines. Other embodiments—mnot
shown—relate to other turbo engines such as e.g. gas
turbines. Protection systems with a casing device can also be
used for protection of certain regions within those types of
engines.

It should be understood that the above description 1s
intended for illustrative purposes only, and 1s not intended to
limit the scope of the present disclosure 1n any way. Thus,
those skilled in the art will appreciate that other aspects of
the disclosure can be obtained from a study of the drawings,
the disclosure and the appended claims. All language of
distinction and disparagement with respect to certain fea-
tures 1s mtended to indicate a lack of preference for those
features, but not to exclude such from the scope of the
disclosure entirely unless otherwise indicated. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. Various features of the various embodi-
ments disclosed herein can be combined in different com-
binations to create new embodiments within the scope of the
present disclosure. Any ranges given herein include any and
all specific values within the range and any and all ranges
within the given range.

REFERENCE LIST

1/11/21/31/41/51/61 casing device
2/12/22/32/42/52/62 casing section

13/53 fluid duct element, e.g. cooling pipe
54/64 fluid escaping means

15/25/35/45 opening

26/56/66 detlection and/or shielding means
57/67 transition point

8 surrounding region

39 Fixture point

40 Stabilization means

60 temperature sensitive device and/or structure, e.g.

HBVSH
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F/F'/F"/F™ flmd, e.g. cooling fluid
H/H' high pressure zone
L/L' low pressure zone

B/B' burst point

The mvention claimed 1s:

1. A turbo engine, comprising;:

a fluid duct element connecting between a first area of the
turbo engine and a second area of the turbo engine for
flowing a fluid between the first area and the second
area,

a protection system comprising:

a casing device comprising a plurality of casing sec-
tions, the plurality of casing sections being at least
partially 1n fluild communication with one another
and encasing the fluid duct element along an entire
length of the fluid duct element,

the casing device further comprising a fluid escaping
device,

wherein the casing device 1s configured to at least one
chosen from at least partially contain and deflect a
flow of the flmud from the fluid duct element to
prevent damage to the aircraft turbo engine in event
of a bursting of the fluid duct element;

wherein the fluid escaping device 1s positioned at a
transition point between two ol the plurality of
casing sections.

2. The turbo engine according to claim 1, wherein the
fluid escaping device includes an opening in the casing
device.

3. The turbo engine according to claim 1, wherein the
casing device further includes a deflector for detlecting the
flow of the fluid from the fluid duct element.

4. The turbo engine according to claim 3, wherein the
deflector 1includes a disc shaped element.

5. The turbo engine according to claim 1, wherein a
spatial distance between at least two of the plurality of
casing sections 1s adjustable.

6. The turbo engine according to claim 1, wherein the
casing device includes a deflector for detlecting the tlow of
the fluid from the fluid duct element, the detlector positioned
at the fluid escaping device.

7. The turbo engine according to claim 1, wherein at least
one of the plurality of casing sections includes a tlexible
sleeve.

8. The turbo engine according to claim 1, wherein the
casing device maintains at least partially the flow of fluid 1n
the fluid duct element.

9. The turbo engine according to claim 1, wherein the
fluid escaping device deflects the tlow of fluid from the fluid
duct element 1n a radial direction seen from an axis of the
casing device.

10. The turbo engine according to claim 1, wherein the
fluid duct element comprises a cooling pipe.

11. The turbo engine according to claim 1, wherein a
location of the fluid escaping device 1s adjustable.

12. The turbo engine according to claim 1, wherein a
direction of a flow of escaping tluid 1s adjustable.

13. The turbo engine according to claim 1, wherein at
least one of the plurality of casing sections 1s rigid.
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